The paper focuses on the issue of choice of suppliers in the market environment. It discusses expert systems as modern methods of its computer support. The issue of supplier choice is presented and viewpoints for the formulation of the decision-making task introduced. The piece of writing furthermore pinpoints the expert character of the solution of this task, making use of the knowledge of experienced professionals. It introduces the principles of fuzzy oriented expert systems as a suitable solution of the task at hand. Language models of the expert systems formalise the high quality mental models of an experienced expert. The global decision-making task is split into partial tasks; the expert modules for their formalisation are integrated into the hierarchic structure. The paper presents the structures of language models and the implementation of the structure of expert systems in the MATLAB-Simulink program environment. Special attention is paid to the issue of supplier fl exibility. The effi ciency of the decision-making system is proven by the solution of a simulation exercise which represents the classifi cation of two current and two newly contemplated suppliers with various characteristics. The results are analysed and commented on.
INTRODUCTION
In the last decades the area of computer support of decision-making tasks has seen a signifi cant leap forward. One of the modern trends is also the implementation of unconventional methods of artifi cial intelligence (neural networks, fuzzy mathematics, expert systems). The methods are based on the implementation of the knowledge of skilled experts. This knowledge thus creates the basis of their high quality knowledge mental models. Knowledge language models of expert systems are then created to formalise these mental models in computing. The usage of expert systems has, in the task of supplier choice solution, a considerable potential.
The main aim of this paper is the analysis of the decision-making task of the supplier choice, leading to the particular sub-tasks and the proposal of the corresponding language models of expert systems.
Further aims are the presentation of the current trends in the fi eld of expert system implementation in supplier choice evaluation, the presentation of principles and procedures of the synthesis of fuzzy oriented expert systems for the solution of partial sub-tasks, the integration of a global hierarchical expert system, simulation verifi cation of the function of the system on the example of choice of two existing and two new suppliers, results analysis and the outlook on the direction of further research.
MATERIALS AND METHODS

Computational Solution of Decision -making Tasks
The computer support of decision-making processes requires the creation of abstract (program) models of the decision-making situations. When solving this problem, let us contemplate the fact that real decision-making problems can be in highquality solved by humans -experts in their own fi elds -using their brain, mental and intellectual cognitive processes.
Human decision-making processes are not numerical -when deciding in complex situations, we do not calculate the fi nal result, but we deduce the result in a non-numerical, language-based manner.
When thinking, we use predominantly the words and sentences of the natural language which form the basis of the construction of non-numerical language models of the solved situations. The expert creates these models on the basis of information, knowledge and especially own experience (Buckley, Siler, 2000) .
One of the basic features of verbally formalised human knowledge is its vagueness. The fi rst condition for the construction of computer language models is the solution of the problem of the formalisation of vagueness as an uncertainty of verbal terms. The second issue -the construction of logical deduction algorithms capable of making use of vagueness -is solved through the usage of the unconventional multivalue language fuzzy logic approaches (Novák, Perfi fl ieva, Močkoř, 1999) .
Expert Systems
Expert systemsare specialised computer programs designed to solve special problems which, unlike general problems, require very o en highly specialised knowledge -i.e. expert knowledge (Buckley, Siler, 2000) 
Its core is formed by a knowledge base as a general model of the system. This knowledge base is formed by computer-represented expert knowledge formalised by a set of IF-THEN rules. The update of this general model is done by the input of concrete data for a specifi c case. The concrete data is represented by a database and can be mined as language values from the user, by direct measurements or by combination of both. The system provides the user with an overview of the knowledge used to solve the specifi c case. This overview is given via an explanatory subsystem. More complex tasks are diversifi ed into sequences of subtasks which leads to hierarchical expert systems.
The uncertainty, as a concomitant phenomenon of every complicated, hardly describable systems, is in expert systems mostly formalised using the apparatus of fuzzy set theory. Fuzzy sets are a natural and effi cient tool for the formalisation of vagueness (Novák, Perfi fl ieva, Močkoř, 1999) .
In this paper expert systems form the basis of logical structure for the solution of the issue of supplier choice when taking their characteristics into account.
Modern Trends in Supplier Evaluation
Approaches and Techniques
There is currently a number of approaches to supplier evaluation. These approaches embody the modern trends and are used by various authors to tackle this issue. Aksoy, Ozturk (2011) 
Modernevaluation Criteria
A number of studies (e.g. Araz, Ozkarahan, 2006; Awasthi, Chauhan, Goyal, 2010; Che, Wang, 2008; Razmi, Rafi ei, Hashemi, 2009; Shu, Wu, 2009 ) aims at the description and analysis of the supplier evaluation criteria. Tab. I presents one of these classifi cations.
The studies mention a number of approaches to the use of evaluation criteria. The authors Bruno, Esposito, Genovese, Passaro (2012) introduce the following hierarchical structure of the supplier choice issue (Fig. 2) .
Overall, the criteria mentioned in literature can be divided into four groups: Costs, Quality, Logistic Aspects and Technological Performance.
Costs
The evaluation process of the potential suppliers on the issue of costs is discussed by the purchasing department and agreed on the basis of three subcriteria. Here, the unit purchase price is defi ned as the price of a single item that the supplier charges the company with the added transportation cost (Sencer Erdem, Göçen, 2012) . The authors Kumar, Singh, Pal Singh (2013) introduce the 1: Expert System Scheme Source: our own processing group ofcost characteristics: The inputs to this group are inventory level reduction (ILR), lot size reduction (LSR) and reduction in plant stoppage due to shortage of material (RIPS). The output of this group is named Cost Eff ect. Another approach would be the calculation of the so-called total cost of ownership (TCO). TCO-based models include all costs related to the supplier selection process that are incurred during a purchased item's life-cycle (Aksoy, Ozturk, 2011) . Another indicator which could be included in this group is the indicator of fi nancial position i.e. the fi rm's capacity to generate profi ts and liquidity (Eshtehardian, Ghodousi and Bejanpour, 2013) .
Quality
Quality related sub-criteria are evaluated by the production department and the quality department at each facility. Here, the Perfect Order Fulfi lment is defi ned as the level of defective items delivered to the company and it is measured in parts per million (PPM). The quality level of the a er sales services is the second issue (Sencer Erdem, Göçen, 2012) . The application of quality standards is evaluated in accordance to the existence of a quality department, documentation of quality systems and the commitment of the management to the quality issues. It also includes the environmental concerns of the supplier and is evaluated on the ISO related standards. The corrective and preventive maintenance system is measured in accordance to the number of incidences occurred and recovered by the supplier in the previous periods. The subcriterion for improvement eff orts in quality refers to the supplier's continuous eff orts on improving its quality standards (Sencer Erdem, Göçen, 2012) . The authors Kumar, Singh, Pal Singh (2013) introduce the criteria group of Quality Characteristics. The inputs to this group are CIPQ (consistency in product quality), IIIC (improvement in incoming components), and RIDCIT (reduction in damaged components in transit). The output of this group is named the Quality Eff ect. This group also contains the indicator ofProcess and Product Quality: the effi ciency and the eff ectiveness of the manufacturing processes and the quality of the fi nal product (Eshtehardian, Ghodousi and Bejanpour, 2013) .
Logistics
Logistics related sub-criteria are evaluated by the production planning department. Suppliers are evaluated according to their on-time delivery, order lead time, delivery conditions and packaging standards. Flexibility of Transportation is yet another issue, defi ned as the ability to transport fl exible order quantities. The supplier is more fl exible in order quantities if it can adapt to sudden changes in lot sizes. Geographic Distance brings monetary advantage and reduces loss of time in case of a change in the production plan (Sencer Erdem, Göçen, 2012) . The authors Kumar, Singh, Pal Singh (2013) introduce a group of criteria named Time Characteristics. The inputs to this group are OTD (on-time delivery), RIOLT (reduction in order lead time), and RIPDCT reduction in product development cycle time. The output of this group named the Time Eff ect. A part of this group is also formed by the so-called Service Level. Service Level is the punctuality of delivery and the respecting of other contract conditions (Eshtehardian, Ghodousi and Bejanpour, 2013) .
Technological Performance
The last main criterion which will be rated by the production department at each facility is the technological performance of the supplier. Allocated capacity is defi ned as the portion of the supplier's annual production capacity dedicated to the company and a supplier with higher allocation is preferred. Flexibility of capacity is described as the ability to increase the production level due to increases in the demand rate. Flexibility of technology encapsulates the technological requirements for the production line and the support services. Supplier that can adapt their technologies to the changing needs of the manufacturer is preferred. Finally, involvement and potential in new product development defi nes how dedicated a supplier is to become a real partner and support the company for new product development projects (Sencer Erdem, Göçen, 2012) .The paper of the authors Eshtehardian, Ghodousi and Bejanpour (2013) There are currently several universal supplier evaluation expert systems. One of these is for example the paper of Kumar, Singh, Pal Singh (2013) . The next chapter presents a hierarchic expert system with an original approach of the authors.
Supplier Suitability Determination
Hierarchic Expert System Then, the corresponding rule has the form:
Knowledge Language Model Principle
IF (PRQ is HIGH) and (PQA is SUFFICIENT) THEN (SUQ is AVERAGE).
The linguistic values of the input/output linguistic variables are expressed using linguistic terms "insuffi cient, suffi cient, average, high, very high". The linguistic terms are represented as fuzzy sets. Their membership functions are usually expressed using a broken-line triangular approximation (programme system MATLAB - Fig. 3 ).
The suggested hierarchic expert system contains eight partial expert systems, the language models of which (knowledge base) are based on the abovementioned principles.
Hierarchic System Structure and Function
The proposed supplier suitability evaluation decision-making expert system is of a hierarchical type and is diversifi ed into 4 partial decision-making levels with 8 partial decision-making blocks ES1-1 to ES 4-1 (Fig. 5) .
According to the authors, the basic indicators of supplier suitability are Quality (ES 3-1), Total cost (3-2), Delivery terms (ES 3-3) and Supplier fl exibility (ES 3-4). The suggested new method investigates quality from two points of view -Processes quality (ES 2-1) and Product quality (ES 2-2). Processes quality in the supplier company can be described from the following aspects: Processes Audit Results (ES 1-1), Product Certifi cation (ISO), Time on the market and References. The processes audit should be done by a representative of the customer company. The evaluation in this system is fully dependent on the opinion of the expert. The audit proceeds according to the following categories: Communication, Quality control, Technological development, Clean production application. The evaluation according to the mentioned parameters enables a complex examination of the suitability of the particular applicants. The product quality can be examined from two points of view: Compulsory product certifi cation, Processes quality control. The processes quality is evaluated in the course of the control according to the opinion of the expert.
ES 3-2: Total costs: Purchasing value, Transport costs, Costs of packaging, Costs of storage, Costs tariff . The costs are examined separately. This is therefore also the potential improvement -the examination of total costs. ES 3-3: Delivery terms: Distance to supplier, Delivery time. The authors see these two parameters as interconnected.
ES 3-4 Supplier fl exibility: Possibility of online orders, Possibility of product modifi cation, Possibility of joint development, Possibility of activities delegation, Possibility of deferred payment. This is one of the most important groups in the evaluation. The answers are formulated in the form of both yes-no answers and the scale of absolute absence through absolute presence of the service.
ES 4-1 Suitability of supplier-fi nal evaluation of the suppliers is done from the viewpoint of total costs, delivery terms and supplier fl exibility. The supplier is evaluated on the scale from 0 to 100.
The partial expert systems ES 1-1 to ES 4-1 are integrated in the hierarchic structure outlined in Fig. 4 . Their relations result from the logical sequence of the need of solution for the specifi c sub-tasks.
The input/output linguistic variables are defi ned by an expert. Their overview and expert system classifi cation is noted in Tab. II.
Supplier Flexibility (ES 3-4) Expert System
The ES 3-4 expert module contains several indicators of supplier fl exibility, including the possibility of online ordering and the possibility of fi nal product customisation to the wish of the customer. The word values of the output for the possibility of online ordering are YES (1) or NO (0). The language values for product modifi cation are Insuffi cient, Suffi cient, Average, High and Very High.
For example, the selected two-dimensional functional dependence of the output variable Supplier Quality on two input variables Possibility of activities delegation and Possibility of deferred payment (linguistically expressed in the form of the rule-based model ES3_4 FLD) is numerically represented as the area in Fig. 5 .
The process of the deduction of concrete input data (approximative deduction), makes use of the principles of language fuzzy logic (Novák, Perfi fl ieva, Močkoř, 1999) . Also the multivalue fuzzy logic which expresses verity values using language evaluation is called language logic. And yet the interpretation of the particular verity values is vague. The outcome of the expert system is the language value of the output variable in the form of a fuzzy set which is converted into the numerical level via the procedure of defuzzifi cation.
The advantage of the language rule models is also their open structure which can be updated with new rules (new knowledge) at any time.
RESULTS
Simulation of New and Current Suppliers
The partial expert systems ES 1-1 to ES 4-1 were implemented in the so ware development environment Fuzzy ToolBox of the MATLAB program package. Their simulation hierarchical structure was created in the Simulink (MATLAB) environment.
A common comparison of new and current suppliers is an important part in the current age. The crucial issue is the simultaneous comparison of factual and estimated values -such as service quality, own experience with the supplier, etc. The new method therefore makes use of the comparison of factually researched values of the current suppliers with the estimated average values of the new ones.
The functionality of the system is shown on the example of four suppliers -two current and two new ones. Supplier 1 is a large local producer. Supplier 2 is a large foreign producer. Supplier 3 is a large distributor. Supplier 4 is a small distributor. The results of the simulation inference of the supplier suitability are shown in Tab. III. The outcome of each partial expert module ES 1-1 through ES 3-4, as well as of the global input ES 4-1 (ESM Expert System Module) is the evaluation of the output variable in the range of 1 (minimum) to 100 (maximum). The table shows the Expert's Estimation (Exp) and theExpert System's Estimation (Sys). For every estimation, the table also shows its absolute (e -Estimation Absolute Error) and percentage (% -Estimation Percentage Error) error.
Simulation Result Analysis and Commentary
The correctness and accuracy of the expert system function is given especially by the quality of the language models and the quality of their tuning. The exactingof the tuning is dependent on the quality of the expert and the collaborating knowledge engineer. One of the important factors is also the complexity of the decision-making task, represented by the complexity (the number of rules) of its language model.
The correctness of the function of the expert system is evaluated by the absolute diff erence between the expert's estimation and the expert system's estimation. The level of the presented system shows the absolute error of the specifi c modules in the range of 0-27%. The worst accuracy of 27% is shown in one out of four inferences of the system ES 2-1, and yet in all three other cases, the error is zero. This situation is typical for the request of fi ne tuning of its language model. The other cases show the margin of error of 0-13%. The same margin 4: Structure of the hierarchical expert system (source -own) Source: our own processing of error was shown by the resulting inference of ES 4-1. Its mean absolute error is 8.7%. It can be said, that according to the practical experience from the fi eld of knowledge engineering, an estimation error of up to 10% is acceptable. In this respect the system is ready to be practically used.
DISCUSSION
The user has to correctly understand the meaning of ES input linguistic variables and has to correctly specify the input values. The suffi ciency of input information is the main condition for suitability of using the model. The solution is suitable for the goal of supplier comprehensive assessment.
Output information of ES can be used for long term strategic decisions about partnerships and for ordinary supplier evaluation. Model can serve on strategic level for comprehensive assessment of suppliers for future cooperation. Model may be useful in the current assessment as auxiliary performance indicator in various criteria.
The advantage of this solution is the simplicity and transparency of its application with the possibility of combination of various viewpoints on the potential suppliers. The main limitation is the current evaluation of new suppliers with limited input data (estimation by average).
On the basis of the undertaken analysis, it can be said that the new method is operable. The direction for further research can be the addition of further, e.g. environmental, criteria to the new supplier evaluation model.
The synthesis of expert systems is a special problem of knowledge engineering. The technology of expert systems is used also in the task of supplier choice within the framework of the supplier chain.
The structure of the suggested and presented decision-making expert system mirrors the original approach of the authors. Eight fragmentary expert modules, solving fragmentary decision-making tasks, are integrated into the hierarchic structure of the global expert system. The language models of the decision-making tasks are implemented in the Fuzzy ToolBox environment of the MATLAB- The function of the expert systems was verifi ed by simulation experiments. These experiments focused on the examination of two current and two new suppliers. The accuracy of function was then analysed and commented on. The diff erence between the estimation of the expert and the system is on a level corresponding to the technology of the solution used.
In many cases, the results ES may be distorted or model cannot be used. Model doesn't work properly in the case of some input data absence (doesn't apply to the anticipated data about new suppliers).
If the dominant role in decision making play the factors that are not included in the ES (political situation, environmental policy, the subjective preference of management), then the simulation result and the view of "live expert" can greatly vary.
Fuzzy logic rule-based model, from which ES deduces output information to the user, has open structure. If needed include to the decision making process the other aspects (input variables), it is possible to extend the model with new expertdefi ned rules. 
CONCLUSION
The main goal of this paper is an analysis of the decision-making task of the choice of the supplier, leading to a defi nition of its partial subtasks and a suggestion of a corresponding language model expert system. The partial goals of the paper are the presentation of the current trends in the area od expert system use for the supplier choice, presentation of the principles and processes of synthesis of the fuzzy oriented expert systems for the solution of fragmentary subtasks, the integration of a global hierarchic expert system, simulation confi rmation of the system function on the example of the task of choice from two current and two new suppliers and fi nally an analysis and outlook onto the direction of further research. The structure of the suggested and presented decision-making expert system mirrors the original approach of the authors. Eight fragmentary expert modules, solving fragmentary decision-making tasks, are integrated into the hierarchic structure of the global expert system. The language models of the decision-making tasks are implemented in the Fuzzy ToolBox environment of the MATLAB-Simulink system. An important feature of the language modes is their open structure which can at any time be complemented with new rules (new knowledge). The function of the expert systems was verifi ed by simulation experiments. These experiments focused on the examination of two current and two new suppliers. The accuracy of function was then analysed and commented on. The diff erence between the estimation of the expert and the system is on a level corresponding to the technology of the solution used. The advantage of this solution is the simplicity and transparency of its application with the possibility of combination of various viewpoints on the potential suppliers. The main limitation is the current evaluation of new suppliers with limited input data (estimation by average). On the basis of the undertaken analysis, it can be said that the new method is operable. The direction for further research may be the addition of further, e.g. environmental, criteria to the new supplier evaluation model.
